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Retrospective Study
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Abstract
BACKGROUND 
In transradial intervention procedures, poor back-up support and noncoaxial 
alignment of the guide catheter (GC) may result in failure of the balloon or stent 
to reach the targeted lesion. Methods to provide extra back-up support using the 
original GC and wire can improve procedural success with reduced 
complications. A rapid exchange guide extension catheter provides convenient 
and efficient back-up support while preserving the initial GC and inserted wire.

AIM 
To evaluate the efficacy and safety of rapid exchange extension catheter in the 
treatment of type B2/C nonocclusive coronary lesions via the radial access.

METHODS 
A total of 135 patients with type B2/C nonocclusive lesions who were treated via 
the transradial approach were enrolled in the study. The clinical characteristics, 
indications for use of the rapid exchange extension catheter, and procedural 
details and results were reviewed and analyzed. All procedure-related 
complications and major adverse cardiovascular events were recorded during the 
in-hospital stay and follow-up period.

RESULTS 
The most common indication for the use of a rapid exchange extension catheter 
was vascular tortuosity (37.8%), followed by heavy calcification (28.9%), long 
lesions (20.0%), proximal stent (6.7%), in-stent restenosis (5.2%), and coronary 
origin anomalies (1.5%). The following technologies failed in passing targeted 
lesions before delivering the rapid exchange catheter: Multiple predilatation 
technique (57%), buddy wire technique (33.4%), balloon anchoring technique 
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(5.9%), and cutting balloon modification (3.7%). The mean depth of the extension 
catheter intubation was 20.56 ± 13.05 mm, and the mean rapid exchange catheter 
service time was 18.9 ± 9.7 min. The mean length and diameter of stents were 33.5 
± 14.4 mm and 2.75 ± 0.45 mm, respectively. The total rate of technique success 
(balloon or stent successful crossing of the target lesion with this technique) was 
94.8%.

CONCLUSION 
The rapid exchange extension catheter technique showed acceptable safety and 
efficacy in the transradial coronary interventions of type B2/C nonocclusive 
coronary lesions. We recommend this technique to assist in complex lesion 
intervention via radial access.

Key Words: Transradial intervention; Mother-child extension catheter; Percutaneous 
coronary intervention; Exchange extension catheter; Backup support; Type B2/C 
nonocclusive coronary lesions

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Transradial intervention (TRI) has been widely used due to its advantages 
compared with the transfemoral approach. In TRI, poor back-up support may result in 
failure of the balloon or stent to reach the targeted lesion. A rapid exchange guide 
extension catheter provides convenient and efficient back-up support in the TRI 
procedures. The findings of our study revealed the efficacy and safety of the rapid 
exchange extension catheter for the balloon and stent delivery in the treatment of type 
B2/C nonocclusive coronary lesions. The rapid exchange extension catheter technique 
is a useful approach for complex coronary lesions via the radial access.

Citation: Wang HC, Lu W, Gao ZH, Xie YN, Hao J, Liu JM. Application of a rapid exchange 
extension catheter technique in type B2/C nonocclusive coronary intervention via a transradial 
approach. World J Clin Cases 2021; 9(12): 2751-2762
URL: https://www.wjgnet.com/2307-8960/full/v9/i12/2751.htm
DOI: https://dx.doi.org/10.12998/wjcc.v9.i12.2751

INTRODUCTION
The first transradial catheterization approach to coronary angiography was reported in 
1989. In recent years, transradial intervention (TRI) has been increasingly used as the 
first choice for percutaneous coronary intervention (PCI) in many hospitals in China 
and elsewhere around the world because it has better compliance and few bleeding 
complications and requires a shorter hospital stay than transfemoral access[1-5]. 
However, operators prefer femoral access when dealing with complex coronary 
lesions, which require more backup support and devices. The size of the radial artery 
limits the guide catheter (GC) to a size no larger than 7F. Furthermore, it also has 
intrinsic weaknesses, including inadequate backup support and poor coaxiality due to 
different anatomical characteristics of the support point angulation.

In TRI procedures, the balloon or stent may fail in reaching the targeted lesion area 
because of poor backup support, and an improper procedure may even cause stent 
deformity or detachment[6,7]. Therefore, methods to further improve backup support 
using the original GC and wire via the radial approach have been a hot topic. The 
rapid exchange guide extension catheter is a new-generation extension mother-child 
catheter system. This device provides convenient and efficient back-up support in the 
implementation of 6F GCs while preserving the initially inserted wire to avoid the risk 
of entering the vascular compartment in cases where the wire is reinserted[8].

The purpose of this study was to describe our clinical experience with a rapid 
exchange extension catheter for back-up support and balloon and stent delivery in the 
treatment of type B2/C nonocclusive coronary lesions via the radial access at a single 
center in China.
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MATERIALS AND METHODS
Baseline patient demographics
Between January 2018 and September 2019, a total of 1401 consecutive patients 
underwent PCI, among whom the rapid exchange extension catheter (Expressman™, 
APT Medical, China) was used in 157 patients at The Second Hospital of Hebei 
Medical University, Shijiazhuang, China. Among the 157 patients, 4 underwent the 
transfemoral route, 18 had chronic total occlusion (CTO) lesions, and the remaining 
135 with type B2/C nonocclusive coronary lesions underwent transradial coronary 
interventions. Patient clinical characteristics were reviewed and analyzed, including 
age, sex, smoking status, hypertension, diabetes, hyperlipidemia, myocardial 
infarction, coronary artery bypass graft history, clinical presentation, and indications 
for coronary angiography. All patients provided written informed consent after 
approval by the Ethics Committee.

Target lesion characteristics
Each target lesion was classified as type B2 or C according to the definitions 
established by the American Heart Association/American College of Cardiology[9]. 
Indications for the use of the rapid exchange extension catheter included anomalous 
origin of the coronary artery, extreme tortuosity, heavy calcification, long lesions, or 
in-stent restenosis. In case of multiple indications, the key point leading to extension 
catheter use was listed as primary. A tortuous lesion was defined as having at least 
three 45-degree or greater bends in a vessel direction along the main trunk during the 
diastolic period[9]. Calcification was identified based on density as visualized in the 
wall of the vessel before injecting a contrast agent[10].

Interventional procedures
Transradial PCI techniques with a rapid exchange extension catheter were performed 
by one experienced interventional operator following standard clinical protocols with 
radial artery access and a 6F GC and radial sheath. The rapid exchange extension 
catheter was used when the balloon or stent could not be delivered to the target lesion 
after high-pressure balloon predilatation without the need to change the original 
guiding catheter. Technique success was defined as the balloon or stent successfully 
passing through the target lesion with rapid exchange extension catheter support. PCI 
success was defined as a successful stent implantation or drug-coated balloon (DCB) 
therapy in the targeted lesion area with a residual stenosis < 20% and TIMI grade 3 
flow. Angiographic outcome (target lesion, and type and character of lesion, such as 
anomalous origin, tortuosity, calcification, long lesions, and in-stent restenosis) and 
procedural data (type of guiding catheter, guidewire, stent, preprocess for the lesion, 
and depth of intubation of the extension catheter) were recorded.

Perioperative management and follow-up
Dual antiplatelet therapy with aspirin and clopidogrel or ticagrelor was administered 
orally before and after performing PCI. Unfractionated heparin (70-100 IU/kg) was 
administered during the PCI procedure after achieving arterial access. Patients with a 
higher blood risk were treated with bivalirudin (intravenous infusion of 0.75 mg/kg 
was started and maintained at 1.75 mg/kg per hour until 4 h after surgery). If there are 
no contraindications, statins and other secondary prophylactic drugs should be 
administered. Surgical safety was defined as the absence of periprocedural 
complications (perforation, dissection, stent dislodgement, and fracture of the 
extension catheter). All procedure-related complications and major adverse 
cardiovascular events (MACEs) (including all-cause death, recurrence of myocardial 
infarction, and repeated revascularization) were recorded during the in-hospital stay 
and follow-up period of 1 mo.

Statistical analysis
Analyses were performed using SPSS statistical software (IBM Corp. Released 2013. 
IBM SPSS Statistics for Windows, Version 22.0. Armonk, NY, United States). 
Continuous variables are expressed as the mean ± SD, and categorical variables are 
expressed as numbers and percentages (%). Non-normally distributed continuous 
variables are expressed as the median and interquartile range. Categorical data were 
compared using a chi-square test or Fisher’s exact test. Relative risks are reported with 
95% confidence intervals. P < 0.05 was considered statistically significant.
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RESULTS
Baseline characteristics
Among the 1401 enrolled patients, 157 were treated with a rapid exchange extension 
catheter, and the utilization rate was 11.2%. Excluding 18 patients with CTO, the 
catheter utilization rate was 97.1% (135 cases) via the transradial approach and 2.9% (4 
cases) via the transfemoral route in nonocclusive lesion patients. Baseline clinical 
characteristics of the patients are presented in Table 1. The mean age was 62.8 ± 9.5 
years, and the 104 males (77.0%) outnumbered the 31 females (23.0%). Hypertension 
was the most common risk factor (n = 102; 75.6%), followed by diabetes mellitus (n = 
59; 43.7%) and hypercholesterolemia (n = 14; 10.4%). The most common clinical 
indication was unstable angina (n = 94; 69.6%), followed by ST-segment elevation 
myocardial infarction (n = 25; 18.5%) and non-ST-segment elevation myocardial 
infarction (n = 16; 11.9%) (Table 1).

Target lesion characteristics and interventional procedures
Technique success (successful crossing of the target lesion) was achieved with this 
technique in 128 procedures (success rate 94.8%); the rate of PCI success was 92.6% 
(125 cases, including 1 case with DCB therapy). Three cases did not undergo stent 
implantation due to small target vessels after balloon pass and were treated by PTCA 
alone. Among the 7 patients who failed with this technique, coronary artery bypass 
grafting (CABG) was performed in 5 patients; the other 2 cases who refused CABG 
treatment had refractory angina despite optimal drug therapy.

As shown in Figure 1, the most common indication for the use of a rapid exchange 
extension catheter was vascular extreme tortuosity (51 cases, accounting for 37.8%), 
followed by heavy calcification (39 cases, 28.9%), long lesions (27cases, 20.0%), 
proximal stent (9 cases, 6.7%), in-stent restenosis (7 cases, 5.2%), and coronary origin 
anomalies (2 cases, 1.5%). The right coronary artery (RCA) was the most commonly 
intervened vessel (43.0%), followed by the left anterior descending artery (LAD, 33.3%) 
and the left circumflex artery (LCX, 23.7%). Among the RCA lesions, 52 cases were 
treated with a rapid exchange extension catheter combined with a 6F GC of JR (38.5%), 
and the remaining 6 cases were combined with SAL (4.4%). In LAD lesions, a JL GC 
was used in 9 (6.7%) cases, and EBU was used in 36 (26.7%) cases; among LCX lesions, 
there were 5 (3.7%) cases of JL and 27 (20.0%) cases of EBU (Table 2).

Most of the interventions were performed through the right radial artery (128 cases; 
94.8%); we attempted 2 cases successfully via the distal radial artery. The majority of 
operations using the rapid exchange extension catheter had difficulty in stent delivery 
(96 cases; 71.1%), and 4 cases had difficulty in posterior expansion balloon delivery 
after stent implantation. The technologies that failed in passing target lesions before 
delivering the rapid exchange extension catheter included the multiple predilatation 
technique (77 cases; 57%), buddy wire technique (45 cases; 33.4%), balloon anchoring 
technique (8 cases; 5.9%), and cutting balloon modification (5 cases; 3.7%). The 
estimated mean depth of extension catheter intubation into the target vessel was 20.56 
± 13.05 mm, and the mean rapid exchange extension catheter service time was 18.9 ± 
9.7 min. The mean length and mean diameter of the stents were 33.5 ± 14.4 mm and 
2.75 ± 0.45 mm, respectively (Table 3).

Adverse events and follow-up
Regarding safety, no perforation caused by the guide wire, air embolism, acute stent 
thrombosis, or rapid exchange extension catheter fracture occurred. Proximal vessel 
dissections occurred in 9 patients after balloon predilatation, though these occurrences 
were not related to the insertion of the extension catheter. Stents were deformed in 6 
cases while crossing the collar segment of the rapid exchange extension catheter, and 
only 1 stent was stripped off its delivery balloon. Pressure damping was observed in 
27 patients (accounting for 20.0%) and was relieved when the extension catheter was 
withdrawn. No case of sustained pressure damping that required abandoning rapid 
exchange extension catheter usage was observed. Five (3.7%) cases had perioperative 
gingival or mucosal bleeding. No major bleeding, stent thrombosis, or MACE occurred 
in any of the enrolled patients during the hospitalization or the 1-month follow-up 
period. The data are summarized in Table 4.

Typical cases
Several cases of the application of rapid exchange extension catheter are reported 
(Figures 2-4).
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Table 1 Patients’ clinical characteristics

Clinical characteristic n %

Mean age (yr) 62.8 ± 9.5

Male 104 77.0

Female 31 23.0

BMI (m/kg2) 26.2 ± 2.9

Creatinine/(μmol/L)

Previous 77.5 ± 27.2

Postoperation 82.8 ± 30.1

Risk factors

Hypertension 102 75.6

Diabetes mellitus 59 43.7

Hypercholesterolemia 14 10.4

Angiography indication

Unstable angina 94 69.6

STEMI 25 18.5

NSETMI 16 11.9

BMI: Body mass index; STEMI: ST-segment elevation myocardial infarction; NSETMI: Non-ST-segment elevation myocardial infarction.

Table 2 Lesion position and selection of guide catheter

Target vessel n (%) Type of GC n (%)

JR 52 (38.5)RCA 58 (43.0)

SAL 6 (4.4)

JL 9 (6.7)LAD 45 (33.3)

EBU 36 (26.7)

JL 5 (3.7)LCX 32 (23.7)

EBU 27 (20.0)

GC: Guide catheter; RCA: Right coronary artery; LAD: Left anterior descending artery; LCX: Left circumflex artery.

DISCUSSION
With the dramatic development of surgical techniques and equipment, TRI has been 
widely used due to its advantages compared with the transfemoral approach, 
including decreased incidence of complications, earlier patient mobilization, and 
improved patient comfort[11,12]. The proper PCI strategy with appropriate coronary 
hardware is crucial to ensure the success of the PCI procedure. The development and 
application of coronary interventional devices are important factors in improving the 
success rate of PCI[13]. GC extension systems have been one of the most powerful 
approaches to providing additional back-up support with minimal trauma to the 
proximal coronary artery[14-16]. The PCI procedural success rate with the use of GC 
extension systems ranges from 93% to 98%[17,18].

Complex coronary anatomical features, including severe calcification, extreme 
vessel tortuosity, CTOs, and coronary anomalies often render PCI challenging and 
time-consuming[19-23]. TRI procedures may result in failure of the balloon or stent to 
reach the targeted lesion area in these cases because of inadequate backup support and 
poor coaxiality[24]. These problems can be circumvented by upsizing different GCs, the 
use of buddy wires, strong support wires, anchoring balloons, deep insertion of the 
GC, or commonly using a mother-child catheter[25-27]. The rapid exchange guide 
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Table 3 Summary of procedural characteristics

Procedural characteristic n (%) or mean ± SD

Procedural results

Technique success 128 (94.8)

PCI success 125 (92.6)

Stent implantation 124 (91.9)

DCB therapy 1 (0.7)

Artery path

Right radial artery 128 (94.8)

Left radial artery 5 (3.7)

Distal radial artery 2 (1.5)

Indication for using a rapid exchange extension catheter

Difficult balloon delivery 35 (25.9)

Difficult stent delivery 96 (71.1)

Difficult posterior expansion balloon 4 (3.0)

Preprocess lesion before delivering the rapid exchange catheter

Multiple predilatation 77 (57.0)

Buddy wire technique 45 (33.4)

Balloon anchoring technique 8 (5.9)

Cutting balloon modification 5 (3.7)

Depth of extension catheter intubation (mm) 25.3 ± 15.4

Rapid exchange catheter service time1 (min) 18.9 ± 9.7

PCI operation time2 (min) 35.8 ± 16.6

Mean length of stents (mm) 33.5 ± 14.4

Mean diameter of stents (mm) 2.75 ± 0.45

Length of DCB (mm) 30.0

Diameter of DCB (mm) 3.0

Contrast dose (mL) 162.2 ± 38.3

Perioperative dual antiplatelet

Aspirin + clopidogrel 77 (57.0)

Aspirin + ticagrelor 58 (43.0)

Perioperative anticoagulant

Unfractionated heparin 98 (72.6)

Bivalirudin 37 (27.4)

1The time from rapid exchange extension catheter entering the coronary artery to returning to the guide catheter after stent implantation. 2The time from 
the guide catheter entering the coronary artery opening to the end of the operation. PCI: Percutaneous coronary intervention; DCB: Drug-coated balloon.

extension catheter is a new-generation extension mother-child catheter system. This 
extension catheter has a 35-cm catheter with a hydrophilic coating, a larger inner 
diameter that has more room to deliver an intervention device, and a smaller outer 
diameter that reduces GC interference. It was developed to provide adequate back-up 
support and to facilitate device delivery to cross through the target lesion in complex 
coronary interventions[28,29]. The results of the present research show that the rapid 
exchange extension catheter technique is a useful approach for complex coronary 
lesions.

The key technique in the application of the rapid exchange extension catheter is 
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Table 4 Adverse events and major adverse cardiovascular events

Adverse event n (%)

Intraoperative complication

Perforation 0

Dissection 9 (6.7)

Thrombosis 0

Air embolism 0

Pressure damping 27 (20.0)

Stent deformation or stripping 6 (4.4)

Extension catheter fracture 0

Perioperative complication

Bleeding 5 (3.7)

Major bleeding 0

Stent thrombosis 0

MACEs during hospitalization

Recurrence of myocardial infarction 0

Repeated revascularization 0

All-cause death 0

MACEs in the one-month follow-up

Recurrence of myocardial infarction 0

Repeated revascularization 0

All-cause death 0

MACEs: Major adverse cardiovascular events.

deep insertion to garner more support. The mean depth of intubation in our research 
was 25.3 ± 15.4 mm, which is similar to that reported by Kumar et al[30]. Deeper 
intubation of the extension device may cause pressure damping during the operation, 
after which pressure returns to normal after retracting the catheter. In our study, the 
time from the extension catheter entering the coronary artery to returning to GC after 
stent implantation was recorded. The mean time was 18.9 ± 9.7 min, and the mean PCI 
operation time was 35.8 ± 16.6 min. These data indicate that the application of the 
rapid exchange extension catheter does not increase the operative time of complex 
lesions via transradial access. The PCI success rate with this technique and the data for 
average diameter/length of stents were similar to those reported by Ma et al[31]. In 
addition, we successfully intervened in a case of in-stent restenosis treated with DCB 
using the rapid exchange extension catheter (Figure 4). The use of this technique 
facilitated the delivery of the long and bulky DCB (3.0 mm × 30 mm) atraumatically 
through the target lesion to the distal vessel segment. The results of our study 
highlight the feasibility and safety of using the rapid exchange extension catheter in 
transradial coronary interventions, achieving a high technique success rate with few 
complications when treating type B2/C nonocclusive coronary lesions.

Although this technique has many advantages, it is worth noting that caution is 
warranted. We should avoid twisting the rapid exchange extension catheter while 
pushing the equipment forward. Additionally, care must be taken to avoid forceful 
manipulation to prevent injury to the coronary artery. Previous studies have reported 
that coronary dissection is a common complication caused by deep intubation or 
forceful injection of contrast agent. While withdrawing the extension catheter, it is 
possible to unintentionally remove the guidewire from the coronary artery, and 
attention should be paid to the distal guidewire end[32]. Such events were not observed 
in our research study. Carefulness and slow operating speed play key roles in 
preventing these adverse events. In addition, the soft, flexible, and atraumatic tip of 
the rapid exchange extension catheter was designed to minimize the risk of injuring 
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Figure 1 Target lesion characteristics.

Figure 2 A patient with coronary artery origin anomaly. A: The right coronary artery originated from the left coronary sinus. The left anterior descending 
artery and left circumflex artery were visible during right coronary artery angiography; B: The stent was successfully passed through the lesion and implanted with the 
aid of a rapid exchange extension catheter; C: Final angiographic result.

the vessel.
The findings of the present real-world study revealed the effectiveness and safety of 

the rapid exchange extension catheter for back-up support and balloon and stent 
delivery in the treatment of complex coronary artery lesions. The application of this 
technique can shorten the total fluoroscopy time and reduce the contrast agent dose. 
Therefore, we believe that it is also suitable for patients with renal insufficiency.

CONCLUSION
In this single-center study, the rapid exchange extension catheter technique showed 
acceptable safety and efficacy in the transradial coronary interventions of type B2/C 
nonocclusive coronary lesions. We recommend this technique to assist in complex 
lesion interventions via the radial approach, thereby ensuring overall procedural 
success with reduced complications.
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Figure 3 An extremely tortuous lesion of the distal segment of the right coronary artery. A: A lesion located in the distal segment of right coronary 
artery before the bifurcation, with extreme tortuosity in the proximal and middle segments of the right coronary artery; B: A stent (2.5 mm × 13 mm) was implanted 
with the use of the rapid exchange extension catheter; C: Final angiographic result.

Figure 4 A case with in-stent restenosis was treated with drug-coated balloon. A: The stent was visible in the middle-distal segment of the right 
coronary artery (RCA); B: Angiography revealed in-stent restenosis; C: A balloon predilated the in-stent restenosis lesion; D: Angiography after predilatation showed 
severe stenosis and tortuosity in proximal RCA; E: Preimplantation of a stent in the proximal segment of the RCA; F: Angiography after stenting the proximal RCA; G: 
An in-stent restenosis lesion was treated with drug-coated balloon using a rapid exchange extension catheter; H: Final angiographic result.

ARTICLE HIGHLIGHTS
Research background
Transradial intervention (TRI) has been widely used due to its advantages compared 
with the transfemoral approach. In TRI, poor back-up support may result in failure of 
the balloon or stent to reach the targeted lesion.

Research motivation
Methods to provide extra back-up support may improve procedural success with 
reduced complications. A rapid exchange guide extension catheter can provide the 
convenient and efficient back-up support in the TRI procedures.

Research objectives
The purpose of our study was to evaluate the efficacy and safety of rapid exchange 
extension catheter in the treatment of complex coronary lesions via the radial access.
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Research methods
A total of 135 patients with type B2/C nonocclusive lesions underwent transradial 
coronary interventions in the study. The clinical characteristics, indications for use of 
the rapid exchange extension catheter, procedural details, procedure-related 
complications, and major adverse cardiovascular events were recorded and analyzed.

Research results
Technique success (successful crossing of the target lesion with this technique) rate 
was up to 94.8%. The most common indication for the use of a rapid exchange 
extension catheter was vascular tortuosity, followed by heavy calcification, long 
lesions, proximal stent, in-stent restenosis, and coronary origin anomalies. The 
following technologies failed in passing targeted lesions before delivering the rapid 
exchange catheter: Multiple predilatation technique, buddy wire technique, balloon 
anchoring technique, and cutting balloon modification. The rapid exchange extension 
catheter technique showed effectiveness for the balloon and stent deliver in the 
transradial coronary interventions of type B2/C nonocclusive coronary lesions.

Research conclusions
The findings of our study revealed the efficacy and safety of a rapid exchange 
extension catheter in the treatment of type B2/C nonocclusive coronary lesions. The 
rapid exchange extension catheter technique is a useful approach for complex 
coronary lesions via the radial access.

Research perspectives
Our study was designed as a retrospective study and was performed at a single study 
center. Potential patient selection bias and influence by operator experience might 
have affected the accuracy and efficacy. Larger, multicenter, randomized controlled 
studies are warranted.
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